One strategy has involved the comparison of hospitalizations of Gulf War veterans with those of nondeployed veterans of the same era. This strategy has yielded a number of analyses of US Department of Defense (DoD) hospitalization data. Major diagnostic categories (7) and aggregations of specific diagnoses (8) have been examined for evidence of new illnesses. Hospitalization data have also been reviewed for evidence of birth defects among children of Gulf War veterans (9, 10) . These studies have not demonstrated unexpected Gulf War-related morbidity. However, the findings have been limited to only veterans who remained on active duty. Hospitalization data have not been studied for Gulf War veterans who separated from military service or who served in the US Reserve or the National Guard. The purpose of this study was to compare the postwar hospitalizations of active-duty Gulf War veterans, Gulf War veterans separated from the service, and nondeployed veterans; this population would include Reserve and National Guard personnel. who were on service rosters during the Gulf War deployment period, August 8, 1990 through July 31, 1991 . Those deployed to the Gulf War theater (11) for 1 or more days during the deployment period were considered Gulf War veterans, while those who were not deployed were considered nondeployed veterans. Gulf War veterans with complete demographic data (n = 652,979) were included in the study. The nondeployed veterans studied were a random sample (n = 652,922) stratified by California residency, service type, and service branch of all nondeployed veterans in = 2,912,737).
Reserve, National Guard, and active-duty service members who remained on active duty throughout all of 1994 were categorized as California residents by ascertaining their addresses at three different points of time (August 1991, April 1993, and December 1994). They were designated California residents if their addresses indicated that they had resided in California in April 1993 and at least one time between August 1991 and December 1994. Active-duty service members who separated during the observation period (August 1, 1991 to December 31, 1994) were considered California residents only if all their postseparation addresses were in California. All others were not considered California residents for the purposes of the stratified randomization, although some of them undoubtedly resided in California for at least a portion of the observation period.
The other available demographic data were evaluated as of the Gulf War deployment period and included age (categorized as 17-19, 20-21, 22-24, 25-29, 30-34, 35-39, 40-44 , and >45 years), gender, marital status, race (White, Black, and other), service branch (Army, Navy, Marine Corps, Air Force, and Coast Guard), service type (active duty, National Guard, and Reserve), rank (enlisted or warrant or commissioned officer), and Gulf War deployment status. Demographic data were obtained from the Defense Manpower Data Center, Seaside, California (7).
Hospitalization data
Ideally, a comparison of the hospitalization experience of Gulf War veterans and nondeployed veterans would aggregate all hospitalizations and compute adjusted hospitalization rates. However, the United States has no national hospitalization database from which to calculate such incidence rates. In an effort to sample the hospitalization of active-duty, Reserve, and former military personnel, we chose three hospitalization systems to compare the hospitalization experiences of Gulf War veterans and nondeployed veterans: DoD, Department of Veterans Affairs (VA), and California Office of Statewide Health Planning and Development (CA) hospital systems. Of these three hospital systems, only the DoD had a database of persons eligible to receive care. The eligible populations of the other two hospital systems were undefined.
Hospitalization data were available and were extracted for the period August 1, 1991 through December 31,1994. Hospital admissions were ascertained by matching the Social Security numbers (SSNs) of the 1.3 million study subjects to hospital admissions in DoD, VA, and CA records. CA records were also matched on gender and age to eliminate hospitalizations for dependents.
To ensure personal privacy, both the VA and CA removed SSNs from the data sets they returned for our analysis. CA took one more precaution by categorizing the day value in date of separation from military service into 10-day intervals. Instead of SSNs, both the VA and CA created blinded study subject identifiers. These identifiers could not be linked to the DoD database or to each other. Consequently, we were able to identify multiple admissions for the same subject within each of the three databases, but not across the databases.
All data sources provided a principal diagnosis, coded according to the International Classification of Diseases, Ninth Revision (ICD-9) (12) . Only the whole-number component (up to three digits) of the ICD-9 diagnosis was used in our analyses. No outpatient data were available from any of the three sources.
California hospitalization data from the CA were obtained from the Patient Discharge Data System, Office of Statewide Health Planning and Development, Sacramento, California. Hospitalization data from the VA were obtained from the Veterans Administration Central Office, Washington DC. DoD hospitalization data were obtained from the Defense Manpower Data Center, Seaside, California (7).
Outcome measures
Initially, we intended to compare Gulf War veteran and nondeployed veteran hospitalization rates in CA for each of the hospital systems. However, using the California residency data, we found that approximately half of the California hospitalizations occurred among persons not known to have resided in California. The poor validity of the California residency data left us without a denominator for the VA and CA analyses. We then chose to pursue comparisons of proportional hospitalization morbidity. We selected 14 of the major diagnostic categories specified by ICD-9 for these comparisons. The complexity of reproductive outcomes (9) and planned future, more sensitive analyses of reproductive health (13) led us to omit from this study the major categories "complica-tions of pregnancy, childbirth, and the puerperium"; "congenital anomalies"; and "certain conditions originating in the perinatal period." Hospitalizations with principal diagnoses in the supplementary classification, E-codes and V-codes, were also omitted. We examined only principal diagnoses. Only one admission per study subject per major diagnostic category within a hospital system was counted in the analyses.
Statistical analyses
The chi-square test for equality of multinomial distributions was used to compare demographic strata and the distributions of diagnostic categories among the hospital systems. In addition to computing an overall chi-square statistic, we reported the contribution to chi-square for each cell of the multinomial distributions. The contribution to chi-square for a cell is defined as the expected value minus the observed value squared, divided by the expected value for that cell. The overall chi-square is obtained by summing the contributions to chi-square for all cells.
The contributions to chi-square are not independent and do not follow a standard, tabled distribution. Consequently, they cannot easily be used for formal hypothesis testing. They can, however, be used to indicate, in a descriptive fashion, which cells of the multinomial distributions contribute the most to a statistically significant overall chi-square.
Additionally, we calculated proportional morbidity ratios (PMRs) and their 95 percent confidence intervals for the major diagnostic categories, adjusting for demographic differences between the Gulf War veteran and nondeployed veteran hospitalized populations (14) (15) (16) . The PMRs, like the contribution of the chi-square statistic, are not independent. In particular, if the PMR for a major diagnostic category is greater than one, there must be one or more compensating PMRs less than one. Diagnostic categories with an appreciably higher PMR among the Gulf War veteran group within each hospital system were further investigated by enumerating the 10 most frequent threedigit ICD-9 diagnoses within that category.
Data management and analyses were performed using the SAS system (Version 6.12, Cary, North Carolina).
RESULTS

Population characteristics
The demographic characteristics of the Gulf War veteran and nondeployed veteran populations differed in that Gulf War veterans were younger and comprised fewer women (table 1) . Additionally, there were small, but statistically significant, differences in marital status, race, and pay grade, with Gulf War veterans comprising more single, Black, and enlisted personnel.
Characteristics of hospitalizations
The matching and extraction strategy yielded a total of 182,164 hospitalizations from the DoD, 16,030 from the VA, and 5,185 from the California systems. The proportional distribution of hospitalizations by diagnostic category for each hospital system revealed that hospitalized subjects were more often admitted for musculoskeletal diagnoses in the DoD system, for mental disorder diagnoses in the VA system, and for injury and poisoning in the CA system (table 2).
PMRs
Because the study population demonstrated important demographic differences between the two cohorts (table 1), we adjusted for observed demographic differences in the hospitalized populations when calculating the PMRs for major diagnostic categories. To simplify these calculations, which involved an adjustment over strata, we reduced the number of strata for age and race and included only those demographic variables consistently different between the two cohorts (table 3) . In all three hospital system calculations, hospitalizations of Gulf War veterans and nondeployed veterans were stratified by age and gender. Additionally, the two cohorts were stratified by race in the DoD system.
On the basis of this reduced set of covariates, we calculated adjusted PMRs and their 95 percent confidence intervals for each of the 14 diagnostic categories in each of the three hospital systems (table 4). Sixteen of these 42 confidence intervals excluded the value of one. Five of these intervals suggested an increase among Gulf War veterans. The 10 most frequent specific, three-digit diagnoses in each of these five categories were identified. These diagnoses comprised 36-96 percent of the admissions associated with that diagnostic category. The proportional distribution of hospitalizations of Gulf War veterans versus nondeployed veterans for these specific diagnoses were then determined.
In the DoD hospital system, Gulf War veterans had an increase in hospitalizations for diagnoses in the injury and poisoning categories (table 4 ). An examination of the 10 most frequent diagnoses in these categories revealed that Gulf War veterans experienced an increased number of hospitalizations for an assortment of soft-tissue injuries and fractures (data not shown, but may be requested from the authors).
In the VA hospital system, Gulf War veterans had an increase in hospitalizations for diagnoses in the cate- gories respiratory system, digestive system, and symptoms, signs, and ill-defined conditions (table 4 ). An examination of the 10 most frequent diagnoses in these categories revealed that Gulf War veterans had an increase in hospitalizations for deviated nasal septum, diseases of the tonsils, asthma, other diseases of the lung, acute pharyngitis, inguinal hernias, disorders of tooth development, noninfectious gastroenteritis and colitis, diseases of the esophagus, and general sitespecific symptoms (data not shown but may be requested from the authors).
In the CA system, Gulf War veterans had an increase in hospitalizations for diagnoses in die category injury and poisoning (table 4 ). An examination of the most frequent category-specific diagnoses revealed increased hospitalizations for a number of site-specific fractures and other injuries associated with trauma (data not shown but may be requested from me authors). 
DISCUSSION
In reporting the postwar hospitalization risk of Gulf War veterans in the DoD hospital system (7), we and a number of reviewers (2, (17) (18) (19) recognized that, due to the study design, the analyses had excluded those Gulf War veterans who may have been hospitalized in other than DoD hospitals. This report documents our examination of their hospitalizations in non-DoD hospitals.
For regular active-duty personnel, place and duration of military service and hospitalizations are readily identified in existing electronic databases. This permits the identification of hospitalization rates and risk factors (7, 20, 21) . In contrast, current address data regarding reserve and former military personnel are not available with high reliability electronically. Additionally, because of multiple options for the receipt of health care, good ascertainment of hospitalization data is not possible. Hence, hospitalization rates and risk factors for reservists and former military personnel cannot generally be determined. In these analyses, we attempted to use residency data to study 
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a subset of veterans who resided in California, but we found that these data were poor for these highly mobile populations. Because of the data limitations, we chose to compare the PMRs of hospitalizations of Gulf War veterans with those of nondeployed veterans in three hospital systems. If a higher proportion of Gulf War veterans were hospitalized with primary diagnoses in a major ICD-9 diagnostic category, we then identified the specific diagnoses that explained that proportional difference.
While various hospital systems favored different categories of diagnoses (table 2), Gulf War veterans generally had proportions of hospitalizations less than or similar to those of nondeployed veterans for most diagnostic categories: infectious and parasitic diseases; neoplasms; endocrine, nutritional, and metabolic diseases; mental disorders; and diseases of the blood, nervous system, circulatory system, genitourinary system, skin, and musculoskeletal system (table 4). This is noteworthy because Gulf War veterans who have developed cancer (19) and other chronic diseases (2) have wondered whether these illnesses might be related to service in the Gulf. Additionally, it has been conjectured that Gulf War veterans may be suffering from difficult-todetect infectious diseases (22) . Our analysis and those of other studies (7, 21, 23, 24) do not support these hypotheses.
However, a number of differences were detected between the cohorts, suggesting increased hospitalizations among Gulf War veterans (table 4). In the DoD and CA hospital systems, a higher proportion of Gulf War veterans were hospitalized for a number of fractures and bone and soft-tissue injury diagnoses. While an exhaustive examination of hospitalization records would be required to understand these differences better, Gulf War veterans have experienced increased mortality due to motor vehicle accidents (25) . It has been hypothesized that the same individuals who are more likely to be deployed to fight a war are also more likely to take risks after the war (25) . Recalling that fatigue, poor concentration, and dizziness are often complaints among Gulf War veterans (26) (27) (28) , one might postulate that these symptoms could be associated with subsequent fractures and soft-tissue injuries. Another suggestion is that accidents among Gulf War veterans may be due to undetected neurologic deficits (18) ; however, the data to support this theory are sparse.
Our analyses demonstrated several biologically plausible associations with Gulf War service as well as some that are probably due to chance. In the VA hospital system, a greater proportion of hospitalizations of Gulf War veterans were due to a number of respiratory, digestive, and diverse symptom diagnoses (data not shown but may be requested from the authors). Certainly, the dense smoke from exposure to oil well fires that many Gulf War veterans experienced is consistent with acute and possible chronic manifestations of lung disease. However, these observations may be confounded by increased access to care among the group of Gulf War veterans. During the study period, the VA initiated the Persian Gulf Veterans' Health Registry, a hospital-based program for medical evaluation of Gulf War veterans. As was found upon examination of the similar registry maintained by the DoD, this screening may have resulted in more admissions of Gulf War veterans, either for illnesses or for administrative purposes (8) .
Outpatient studies have demonstrated that, due to eligibility and socioeconomic reasons, the VA population is much less healthy than is the general US population (29) . As a high proportion of personnel who use VA hospitals suffer from mental disorders, chronic lung diseases, and alcohol abuse (29) , the registry screening may have disproportionally inflated hospitalizations among Gulf War veterans with diagnoses in the categories respiratory system; digestive system; and symptoms, signs, and ill-defined conditions. While some of the small increases in diagnoses may be real, registry screening might also explain the increased proportion of Gulf War veterans with deviated nasal septa, inguinal hernias, and other seemingly implausible associations with Gulf War service.
To investigate the potential of registry confounding, we removed from consideration Gulf War veterans who had been fully evaluated in the VA registry by March 1997 and repeated the VA hospital system analyses shown in table 3. Gulf War veterans no longer experienced an increased proportion of hospitalizations for respiratory and diverse symptom diagnoses (data not shown but may be requested from the authors); however, they still had evidence of a proportional increase in hospitalizations from digestive system diseases. Owing to data limitations, we could not temporally associate VA registry participation and VA hospitalization, so this adjustment should be viewed with caution.
It is interesting that respiratory and gastrointestinal diseases were not associated with Gulf War service in the DoD and CA hospital systems or in our previous multivariate analysis of hospitalizations among activeduty personnel in DoD hospitals (7) . Despite the potential health screening confounding, respiratory and gastrointestinal disorders have been commonly reported among Gulf War veterans (26) (27) (28) (30) (31) (32) (33) (34) , and possible pulmonary and gastrointestinal chronic manifestations of Gulf War exposures should continue to be considered.
These analyses have a number of limitations. The proportional comparison of diagnostic categories is likely not to be as sensitive as the comparison of hospitalization rates (7, 8) , and true statistical differences cannot be assessed. These data would not permit us to examine illnesses among veterans that would not result in a hospitalization, and thus, we were unable to detect differences between Gulf War veterans and nondeployed veterans regarding less severe illnesses, such as symptom-based conditions. The five PMRs that suggested increased risk of hospitalization among Gulf War veterans were quite small and may have been influenced by undetected confounders. It is also possible that veterans favored different hospital systems for specific conditions, and perhaps if we were able to aggregate data from the three hospital systems, no PMR differences would be noted. For instance, looking at injury and poisoning diagnoses PMRs across the three hospital systems (table 4), one might estimate that the increased ratios seen in the DoD (PMR = 1.03) and CA (PMR = 1.11) systems are balanced by the smaller ratio in the VA (PMR = 0.89) system. With no diagnostic a priori hypotheses to study, these analyses should be viewed as hypothesis generating, with the recognition that, after numerous statistical comparisons, some findings are likely due to chance alone. As previously explained, the contribution to chi-square and PMR statistics for ICD-9 diagnostic categories was not independent and was also subject to chance influence. Other difficult-to-measure confounders, such as access to medical care, behavioral differences between cohorts, and socioeconomic status, may have also influenced postwar hospitalizations. Certainly, news media attention has affected Gulf War veteran health registry participation (35) and may have influenced Gulf War veteran postwar hospitalizations as well.
These analyses are unique and have a number of strengths. For the first time, the postwar hospitalization experiences of reserve and former military Gulf War veterans and nondeployed veterans are compared. Three hospitalization systems were used for these analyses. Data were examined for 4 years after the war, a longer period than in two previous hospitalization studies (7, 8) .
In summary, using a proportional morbidity approach, we compared the postwar hospitalization experience (1991) (1992) (1993) (1994) of Gulf War veterans with that of nondeployed veterans in three hospital systems-DoD, VA, and CA. Gulf War veterans had distributions of diagnoses very similar to those of nondeployed veterans. There were no indications that Gulf War veterans were suffering proportionally increased hospitalizations for infectious diseases, neoplasms, endocrine diseases, blood diseases, skin conditions, and diseases of the nervous system, circulatory system, and musculoskeletal system. However, Gulf War veterans did experience proportionally more hospitalizations for a number of fractures; for bone and softtissue injury diagnoses (DoD and CA hospital systems); and for an assortment of respiratory system, digestive system, and diverse symptom diagnoses (VA hospital system). While these later associations may be influenced by a number of potential confounders or chance, consideration should be given to more closely examining the association of these diagnoses with service during the Gulf War.
